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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the rate of change of 
a threshold voltage relative to a control voltage and to 
increase the stored amount of charge in a memory cell. 
SOLUTION: A semiconductor device is provided with a channel 
region formed through a buried oxide film 11 on a substrate 10, 
a first gate electrode 21 placed through a first gate oxide film 
20 in the buried oxide film 1 1 corresponding to the channel 
region and a second gate electrode 31 provided through a 
second gate oxide film 30 on the opposite side to the first gate 
electrode 21 through the channel region. In this case, the first 
gate electrode 21 or the second gate electrode 31 is driven for 
signal input and the second gate electrode 31 or the first 
electrode 21 is driven for threshold controlling. A memory cell 
provided with a MOS transistor and a capacitive element is 
equipped with a gate threshold controlling means for controlling 
a gate threshold of the MOS transistor. •- • • 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ^^^^ 

[Claim(s)] 

[Claim 1] The channel field currently formed in the semi-conductor layer prepared through the insulator layer 
on a substrate, This channel field and the 1st gate electrode prepared through the 1st gate dielectric film by 
this insulator layer between these channel fields within said corresponding insulator layer. In the 
semiconductor device equipped with said 1st gate electrode and the 2nd gate electrode prepared in the 
opposite side through the 2nd gate dielectric film by making this channel field into between The drive approach 
of the semiconductor device which carries out either said 1st gate electrode or said 2nd gate electrodes to a 
signal input, and is characterized by driving another side as an object for gate threshold control. 
[Claim 2] The drive approach of the semiconductor device according to claim 1 which carries out said 1st gate 
electrode which corresponds the thicker one of thickness, or said 2nd gate electrode to a signal input among 
said 1st gate dielectric film and said 2nd gate dielectric film, and is characterized by driving this 2nd gate 
electrode or this 1st gate electrode which corresponds the thinner one of this thickness as an object for gate 
threshold control. 

[Claim 3] Said semiconductor device is the drive approach of the semiconductor device according to claim 1 
characterized by consisting of a perfect depletion mold SOI-MOS transistor. 

[Claim 4] It is the semiconductor device characterized by having the gate threshold control means by which 
said MOS transistor controls the gate threshold in the semiconductor device with which a memory cell 
consists of an MOS transistor and a capacitative element. 

[Claim 5] Said gate threshold control means is a semiconductor device according to claim 4 characterized by 
having the short-circuiting means which flows through the 1 st gate electrode prepared in the one side of the 
channel field of said MOS transistor through the 1st gate dielectric film, the 2nd gate electrode prepared in 
the other side of said channel field through the 2nd gate dielectric film, and said 1st gate electrode and said 
2nd gate electrode, and is made into same electric potential. 

[Claim 6] The 1st gate electrode with which said gate threshold control means is prepared in the one side of 
the channel field of said MOS transistor through the 1st gate dielectric film, The 2nd gate electrode prepared 
in the other side of said channel field through the 2nd gate dielectric film, The signal input line connected to 
said 1 st gate electrode which corresponds the thicker one of thickness among said 1 st gate dielectric film and 
said 2nd gate dielectric film, or said 2nd gate electrode, The semiconductor device according to claim 4 
characterized by having the gate threshold control line connected with the 2nd gate electrode or the 1st gate 
electrode which corresponds the thinner one of said thickness. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The channel field currently formed in the semi-conductor layer prepared through the insulator layer 
on a substrate, This channel field and the 1st gate electrode prepared through the 1st gate dielectric film by 
this insulator layer between these channel fields within said corresponding insulator layer, In the 
semiconductor device equipped with said 1 st gate electrode and the 2nd gate electrode prepared in the 
opposite side through the 2nd gate dielectric film by making this channel field into between The drive approach 
of the semiconductor device which carries out either said 1st gate electrode or said 2nd gate electrodes to a 
signal input, and is characterized by driving another side as an object for gate threshold control. 
[Claim 2] The drive approach of the semiconductor device according to claim 1 which carries out said 1 st gate 
electrode which corresponds the thicker one of thickness, or said 2nd gate electrode to a signal input among 
said 1st gate dielectric film and said 2nd gate dielectric film, and is characterized by driving this 2nd gate 
electrode or this 1st gate electrode which corresponds the thinner one of this thickness as an object for gate 
threshold control. 

[Claim 3] Said semiconductor device is the drive approach of the semiconductor device according to claim 1 
characterized by consisting of a perfect depletion mold SOI-MOS transistor. 

[Claim 4] It is the semiconductor device characterized by having the gate threshold control means by which 
said MOS transistor controls the gate threshold in the semiconductor device with which a memory eel! 
consists of an MOS transistor and a capacitative element. 

[Claim 5] Said gate threshold control means is a semiconductor device according to claim 4 characterized by 
having the short-circuiting means which flows through the 1st gate electrode prepared in the one side of the 
channel field of said MOS transistor through the 1st gate dielectric film, the 2nd gate electrode prepared in 
the other side of said channel field through the 2nd gate dielectric film, and said 1st gate electrode and said 
2nd gate electrode, and is made into same electric potential. 

[Claim 6] The 1st gate electrode with which said gate threshold control means is prepared in the one side of 
the channel field of said MOS transistor through the 1st gate dielectric film, The 2nd gate electrode prepared 
in the other side of said channel field through the 2nd gate dielectric film, The signal input line connected to 
said 1 st gate electrode which corresponds the thicker one of thickness among said 1 st gate dielectric film and 
said 2nd gate dielectric film, or said 2nd gate electrode, The semiconductor device according to claim 4 
characterized by having the gate threshold control line connected with the 2nd gate electrode or the 1st gate 
electrode which corresponds the thinner one of said thickness. 
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MEANS ^^^^ 

[Means for Solving the Problem] This invention is the drive approach of a semiconductor device and 
semiconductor device which were accomplished in order to solve such a technical problem. Namely, the drive 
approach of the semiconductor device of this invention The channel field currently formed in the semi- 
conductor layer prepared through the insulator layer on a substrate, A channel field and the 1st gate electrode 
prepared through the 1st gate dielectric film by the insulator layer between channel fields within the 
corresponding insulator layer. In the semiconductor device equipped with the 1st gate electrode and the 2nd 
gate electrode prepared in the opposite side through the 2nd gate dielectric film by making a channel field into 
between It is the approach of carrying out the 1st gate electrode or the 2nd gate electrode to a signal input, 
and driving the 2nd gate electrode or the 1 st gate electrode as an object for gate threshold control. 
[0023] In the 1st gate electrode and the 2nd gate electrode which were prepared in the condition of facing 
across a channel field, by such this invention By carrying out the 1st gate electrode or the 2nd gate electrode 
to a signal input, and driving the 2nd gate electrode or the 1st gate electrode as an object for gate threshold 
control The electrical potential difference for gate threshold control can be set up independently with the 
threshold voltage by channel high impurity concentration, and threshold voltage variation to gate threshold 
control voltage can be enlarged now. 

[0024] Moreover, a memory cell consists of an MOS transistor and a capacitative element, and the 
semiconductor device of this invention is equipped with the gate threshold control means which controls the 
gate threshold of an MOS transistor. 

[0025] In such this invention, since the gate threshold of an MOS transistor is controllable by the gate 
threshold control means, while making the threshold at the time of actuation low, raising the node potential in 
a memory cell and securing sufficient amount of charges, the threshold at the time of un-operating is made 
high, and the leakage current in a subthreshold field can be reduced. 
[0026] 

[Embodiment of the Invention] Below, the gestalt of the operation in the drive approach of the semiconductor 
device of this invention is explained based on drawing. Drawing 1 R> 1 is a type section Fig. explaining the 
configuration of the semiconductor device concerning the drive approach of this operation gestalt. 
[0027] Namely, the channel field currently formed in semi-conductor layers (Si12), such as silicon prepared 
through the embedding oxide film 1 1 this semiconductor device of whose is an insulator layer on a substrate 
10, This channel field and the 1st gate electrode 21 prepared through the 1st gate oxide 20 by that embedding 
oxide film 11 between channel fields within the corresponding embedding oxide film 1 1, It is FET of SOI 
structure equipped with the 1st gate electrode 21 and the 2nd gate electrode 31 prepared in the opposite side 
through the 2nd gate oxide 30 by making a channel field into between. 

[0028] Drawing 2 - drawing 3 are type section Figs, which explain the production process of this 
semiconductor device in order. First, as shown in drawing 2 (a), the substrate (for example, 725-microrneter 
thickness) of Si12 is prepared, and as shown in drawing 2 (b), where it etched Si12 and a predetermined 
crevice is formed, the laminating of Si02 12a (for example, 0.06-micrometer thickness) and the poly-SM2b (for 
example, 5-micrometer thickness) is carried out. Under the present circumstances, after forming Si02 12a, 
the 1st gate electrode (not shown) which consists of poly-Si which doped for example, 300nm thickness is 
formed on Si12 used as convex. Subsequently, as shown in drawing 2 (c), flattening polish of the poly-Si12b is 
carried out. 

[0029] Next, as shown in drawing 3 (a), a substrate 10 is stuck through poly-Si12b which carried out flattening 
at a previous process. Then, as grinding of an edge is performed as shown in drawing 3 (b). and shown in 
drawing 3 (c), selection polish of Si12 is performed, for example, it leaves only the component formation 
section of 0.03-micrometer thickness. 

[0030] In forming a channel field in this component formation section, or the semiconductor device in this 
operation gestalt lowers channel high impurity concentration (for example, 5x1015cm-3), thickness of Sil 2 is 
made thin (for example, 50nm), and it is used as the perfect depletion mold SOI which depletion-layer-ized the 
channel field with the work-piece one cushion difference of the gate and Channel Si. 

[0031] According to the structure which faces across a channel field with such a 1st gate electrode 21 and 
the 2nd gate electrode 31, threshold voltage Vth and variation delta Vth at the time of controlling the threshold 
voltage can be respectively set up now separately. 

[0032] Here, amount of displacement deltaVth of the threshold voltage Vth at the time of driving the object 
for a signal input and the 1st gate electrode 21 for the 2nd gate electrode 31 of the semiconductor device 
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shown in drawing 1 as an object for threshold control and threshold voltage Vth is shown in several 1 and 
several 2. 
[0033] 
[Equation 1] 



[0034] 
[Equation 2] 

a Vth - I 25 £ Vgb 

* 0.333 Tsi + Toxb J S " 

[0035] Threshold voltage Vthb at the time of similarly driving the object for a signal input, and the 2nd gate 
electrode 31 for the 1st gate electrode 21 of the semiconductor device shown in drawing 1 as an object for 
threshold control And threshold voltage Vthb Amount of displacement deltaVthb It is shown in several 3 and 
several 4. 
[0036] 
[Equation 3] 

v*b= , >b ,vwb+ — ffi^g { i sb-(V g + v ra)+ -gL + jfa) 

[0037] 
[Equation 4] 

A Vthb = - — Ig^ A Vg 

0.333 Tsi+Tox ° 

[0038] In addition, it sets at each above-mentioned ceremony, and is phis. Si layer surface potential and phisb 
SOI layer rear-face potential, VFB is Si layer surface flat band voltage and VFBb. SOI layer rear-face flat 
band voltage, Cox is the 2nd gate capacitance and Coxb. The 1 st gate capacitance and Csi Si layer capacity, 
Tox is the 2nd gate oxidation thickness and Toxb. The 1st gate oxidation thickness and Tsi Si thickness, Qsi is 
the amount of SOI layer impurities, and Vg. They are threshold voltage when the 2nd gate electrode applied 
voltage and Vgb consider the 2nd gate electrode as the 1st gate electrode applied voltage and Vth considers 
to a signal input, and Vthb. The threshold voltage at the time of carrying out the 1st gate electrode to a signal 
input is shown respectively. 

[0039] Moreover, change of the threshold voltage Vth by the 2nd gate electrode 31 to the applied voltage Vgb 
to the 1st gate electrode 21 of the semiconductor device shown in drawing 1 is shown in drawing 4 and 
drawing 5 . Drawing 4 R> 4 is the case where drawing 5 adds reverse bias to the 1st gate electrode 21, when a 
forward bias is added to the 1 st gate electrode 21 . 

[0040] In drawing 4 and drawing 5 , axes of abscissa are [ threshold voltage Vth and the axis-of-ordinate 
right-hand side of the applied voltage Vgb and axis-of-ordinate left-hand side to the 1st gate electrode 21 ] 
variation delta Vth(s) of threshold voltage. 

[0041] Here, the high-speed operation of a semiconductor device and the standard of the variation of the 
threshold voltage Vth which is needed for leakage current reduction are as follows. 
(Ohigh Vth — 0.7 (V) 

(2) medium Vth — 0.4-0.6 (V) 

(3) low Vth — 0.0-0.2 (V) 

[0042] That is, in performing high-speed operation, in order to make it operate with the comparatively low 
threshold voltage Vth and to control the leakage current at the time of un-operating, it is made the 
comparatively high threshold voltage Vth. From the above-mentioned standard, 0.3 (V) extent is needed as 
variation of this threshold voltage Vth. 

[0043] 0.3 (V) When the 1st gate oxide 20 (refer to drawing 1 ) and the 2nd gate oxide 30 (refer to drawing 1 ) 
are made into 5nm thickness as shown in drawing 4 and drawing 5 for example, variation delta Vth of threshold 
voltage Vth can be obtained on the electrical potential difference 0.8 for control (V) impressed to the 1st gate 
electrode 21. 

[0044] For example, when the electrical potential difference of one cell is 1 (V) in a pocket communication 
terminal, it is practical if the variation of the threshold voltage of 0.3 (V) is obtained in the range of this power 
source. As conditions with which this is filled, it becomes like (0.333 Tsi+Toxb)/Tox<3. 

[0045] However, obtaining the thickness of the 1st gate oxide 20 which fulfills this condition has constraint of 
heat treatment in a process. So, with this operation gestalt, paying attention to the point which the thickness 
of the 2nd gate oxide 30 tends to form thinly, the electrical potential difference for threshold voltage control is 
impressed to the 2nd gate electrode 30, and the 1st gate electrode 20 is driven as an object for a signal input 
from the 1 st gate oxide 20. 

[0046] As shown in several 4, it is the thickness Toxb of the 1st gate oxide 20. Threshold voltage Vthb of the 
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1st gate electrode 21 to the applied voltage to the 2nd gate electrode 31 the more the more It becomes large 
compared with the thickness Tox of the 2nd gate oxide 30 Rate of change becomes large. The alternate long 
and short dash line of drawing 6 shows this example of count. In addition, the absolute value of each multiplier 
shows at drawing 6 . 

[0047] The variation of current drive capacity is effective against a direct circuit property from the variation 
of threshold voltage practical, the 1st gate electrode 21 converted into the property when the broken line of 
drawing 6 makes the 1 st gate oxide 20 the same thickness (for example, 5nm) as the 2nd gate oxide 30 — 
equivalent — threshold voltage Eq.Vth is shown. 

[0048] For example, when the thickness of the 1 st gate oxide 20 is 40nm, change of the threshold voltage of 
about 0.6 (V) can be obtained by impressing the electrical potential difference for control of 1 (V) to the 2nd 
gate electrode 31. Namely, such equivalent threshold voltage Eq.Vthb Even if it converts, it turns out that 
sufficient effectiveness is acquired. 

[0049] this — equivalent — if threshold voltage Eq.Vth is expressed with a formula, it will become like several 
5. Here, alpha is a constant (1<=alpha<=2) showing the short channel effect. 
[0050] 
[Equation 5] 

^ VToxb/ 0.333 Tsi+ Tox S 

[0051] In addition, although this operation gestalt showed the example which used Si for the channel field, 
even if this invention is not limited to this but uses other semi-conductors (for example, GaAs), it is the same. 
Moreover, although this operation gestalt showed the example which drives the semiconductor device of SOI 
structure, the semiconductor device for a drive is not limited to SOI structure, but it is applicable 
[ semiconductor device ] even if it is the so-called diaphragm structure (for example, TFT). 
[0052] Furthermore, although the 2nd gate oxide 30 was thinner and the example which carries out the 2nd 
gate oxide 30 and the corresponding 2nd gate electrode 31 to threshold voltage control, and uses the 1st gate 
electrode 21 as an object for a signal input was shown mainly from the 1st gate oxide 20 with this operation 
gestalt This invention is not limited to this but may use the object for threshold voltage control, and the 2nd 
gate electrode 31 for the 1st gate electrode 21 as an object for a signal input. 

[0053] Next, the gestalt of the operation in the semiconductor device of this invention is explained. Drawing 7 
(a) is the circuit diagram (the 1) showing the eel of DRAM which is the semiconductor device of this operation 
gestalt. That is. the eel of this DRAM consists of MOSFET100 and a capacitor 200, and the thing equipped 
with two, the 1st gate electrode 21 (refer to drawing 1 ) previously explained as this MOSFET100, the 
corresponding 1st gate electrode 101 and the 2nd gate electrode 31 (refer to drawing 1 ), and the 
corresponding 2nd gate electrode 102, is applied. 

[0054] In addition, in MOSFET100 shown in drawing 7 (a), with this operation gestalt, for convenience, the bit 
line B side is used as Drain D, and the electrode by the side of bit line B and the electrode by the side of a 
capacitor 200 use a capacitor 200 side as Source S, although the potential relation changes with operating 
state 

[0055] Word line W is connected to the 1st gate electrode 101 of MOSFET100. This word line W is set to Low 
level at the time of un-operating, and is set to High level at the time of the data writing to a eel, and read-out. 

[0056] Moreover, bit line B is held to one half of interruptible power source electrical potential differences, and 
becomes the potential of the Low level corresponding to the information which should be written in, or High 
level at the time of the writing of data. At the time of read-out. it becomes the potential which distributed the 
stored charge of a capacitor 200. the stored charge of the parasitic capacitance of bit line B, and the stored 
charge of the drain parasitic capacitance of MOSFET of other eels connected to bit line B by each capacity. 
[0057] The stored charge of a capacitor 200 is served as to "0" when Low level is written in, and on the other 
hand, when High level is written in. it serves as Q=C-Vnode. Here, Q is [the capacity of a capacitor 200 and 
Vnode of the amount of stored charge and C ] the potentials (threshold voltage of potential-MOSFET100 of 
Vnode=High level) of Node N. 

[0058] In the eel of such a DRAM of this operation gestalt, by connecting to the control line T the 2nd gate 
electrode 102 of MOSFET100 which is a front-face side, and driving as an object for threshold control, at the 
time of actuation, the potential of Node N is raise with a low threshold, the amount of stored charge of a 
capacitor 200 is raise, and the description is in the point of reducing the leakage current in a subthreshold 
field with a high threshold at the time of un-operating. 

[0059] With this operation gestalt. the charge of a capacitor 200 discharges through MOSFET100 as threshold 
voltage of MOSFET100, and it is set as a value in which a data retention property does not deteriorate. 
[0060] Here, the leakage current of MOSFET100 consists of a subthreshold current and junction leakage 
current. Junction leakage current is decided by the physical property value and the plane-of-composition 
product by the junction which forms the source field for electrode formation of MOSFET100. Moreover, it can 
change by threshold setup and a subthreshold current is Ils=I0 and Exp (-Vth/S). 
It can come out and express. 

[0061] At this formula, lis is a subthreshold current and 10. The amount decided by the physical property value, 
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the amount it is decided with a physical property value and structure that S will be, and Vth are threshold 
voltage. 

[0062] Since S has the value of 65mV - 100mV, if only 65mV - 100mV of threshold voltage Vth becomes high, 
a single figure subthreshold current will become small. Therefore, threshold voltage Vth is usually set as about 
0.7V. 

[0063] Then, the node potential in the case of writing in 1 V of High level is considered compared with the 
conventional technique from bit line B at the time of supply voltage 1V. 

[0064] Drawin g 8 is drawing (reverse bias) showing the threshold voltage Vth to the electrical potential 
difference Vgb for control, and makes channel high impurity concentration Na a parameter. When for example, 
the channel impurity Na is 3x1017cm-3 and the reverse bias of IV starts as an electrical potential difference 
Vgb for control from this drawing, it turns out that 0.2v of threshold voltage becomes high. 
[0065] The need charge accumulated doses of a capacitor 200 are about 30 fC(s) required as soft error 
resistance. Moreover, the number of eels connected with 1 bit line increases with large-capacity-izing of 
memory in recent years, and the amount of charges required to drive bit line B at the time of read-out also 
serves as the same value as the above. 

[0066] If potential of word line B is now set to 1 V of supply voltage, the node potential Vnode in the 
conventional cellular structure cannot be set to 0.23V from the variation (0.07V) of the threshold voltage 
(0.7V)-threshold of potential (1 V of supply voltage)-MOSFET of Vnode=High level, and cannot obtain sufficient 
charge storage of a capacitor. 

[0067] Moreover, when node potential is raised to about 1V with the conventional word line boost technique, it 
is what can obtain one about 4 times the charge accumulated dose of this, therefore the potential of a 
required word line will become the twice [ about ] of 1.9V, i.e., supply voltage, so that it can be found from the 
variation (0.2V) of a supply voltage (1 V) + threshold voltage (0.7V) + threshold. 

[0068] It will become impossible for this reason, to have to make gate oxide thick enough, when securing 
dependability, such as pressure-proofing, and to take adjustment with other logic sections in such gate 
oxidization thickness. 

[0069] Furthermore, in short-circuiting a well for the source electrode of MOSFET and controlling threshold 
voltage change, it is set to 0.3V from the threshold voltage (0.7V) of potential (1 V of supply voltage)-MOSFET 
of Vnode=High level as node potential Vnode. However, sufficient charge accumulated dose of a capacitor 
cannot be obtained to this extent then like the point. 

[0070] Moreover, although performing a word line boost with a short circuit with a well is also considered in 
the source electrode of this MOSFET, it is set to 1.7V from supply voltage (1V) + threshold voltage (0.7V) as 
word line potential even in this case. Even in this case, it will be necessary to fully thicken gate oxide, and 
adjustment with other logic sections can be taken from becoming high word line potential to supply voltage 1V. 

[0071] Moreover, the threshold of MOSFET is set up low beforehand and the problem on dependability of what 
can take large threshold variation if a large potential change is taken is produced with the conventional 
technique which raises source potential (or touch-down potential of a capacitor) at the time of un-operating, 
or lowers and sees well potential, and makes the upper threshold high. Then, if electrical-potential-difference 
change is set to 1V. threshold variation will be set to 0.2V and a threshold will be set as 0.5V as a suitable 
value, the threshold of 0.7V will be acquired at the time of OFF. 

[0072] That is, the node potential Vnode in this conventional technique is set to 0.4V from the variation (0.1V) 
of a supply voltage (1 V)-thresho!d (0.5V)-thresho!d. However, sufficient charge accumulated dose of a 
capacitor cannot be obtained to this extent then like the point. 

[0073] On the other hand, at the time of un-operating, the leakage current in a subthreshold field is reduced 
with a high threshold, and he raises the potential of Node N with a low threshold at the time of actuation, and 
is trying to raise the amount of stored charge of a capacitor 200 with this operation gestalt, by driving the 2nd 
gate electrode 102 of MOSFET100 which is a front-face side as an object for threshold control, as explained 
previously. 

[0074] Moreover, with the operation gestalt shown in the circuit diagram (the 2) of drawing .7 (b), the 1st gate 
electrode 101 and the 2nd gate electrode 102 are short-circuited and used. That is, the short circuit with the 
2nd gate electrode 102 similarly connected to word line W consists of connecting the 1st gate electrode 101 
to word line W by the short circuit line S. In this case, threshold voltage Vthb by the 1st gate electrode 101 
Amount of displacement delta Vthb It becomes being the same as that of above several 4. 

[0075] This example of count is shown in drawing 9 . In the case of Tox=5nm, Toxb =50nm, and Tsi=25nm, from 
this result, they are deltaVthb =-4 and deltaVg. It becomes. 

[0076] that is, Vthb setting it as 0.7V and short-circuiting the 1st gate electrode and the 2nd gate electrode - 
- Vthb the bottom of 0.56V — **** — it is set to 0.14V. 

[0077] By this, the potential Vnode of Node N is set to 0.86V from supply voltage (1 V)-threshold voltage 
(0.14V). 

[0078] Namely, word line potential can lower only the threshold at the time of actuation with 1V [ equal to 
supply voltage ], and gate oxidization thickness can also arrange it now with other logic. Moreover, since it is 
0.7V as threshold voltage on structure, the leakage current in a subthreshold field can also be controlled. 
Furthermore, the effectual threshold at the time of actuation can be lowered to 0.14V. node potential can be 
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raised to 0.86V, and the amount of stored charge of a capacitor 200 can also fully be secured. 
[0079] In addition, although the above-mentioned example explained the case where the 1st gate electrode 
101 and the 2nd gate electrode 102 were mainly short-circuited and used, you may make it input another 
electrical potential difference for control as an object for threshold control for either. 

[0080] Moreover, although calculated by setting 1V and an effectual threshold to 0.14V as supply voltage, this 
is possible for not a limit but lowering a threshold further and making the amount of stored charge of a 
capacitor 200 increase so that the example of count of drawing 9 may also show. 

[0081] Moreover, although the above-mentioned operation gestalt showed the example which uses the 2nd 
gate electrode 102 as an object for threshold control, you may make it use the 1st gate electrode 101 as an 
object for threshold control on the contrary. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



* DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] h is a type section Fig. explaining the configuration of the semiconductor device used as the 
candidate for a drive. 

[Drawing 2] It is a type section Fig. (the 1) explaining the production process of a semiconductor device. 
[Drawin g 3] It is a type section Fig. (the 2) explaining the production process of a semiconductor device. 
[Drawing 4] It is drawing (forward bias) showing the threshold voltage Vth to the electrical potential difference 
Vgb for control. 

[Drawing 5] It is drawing (reverse bias) showing the threshold voltage Vth to the electrical potential difference 
Vgb for control. 

[Drawing 6] The 1st gate oxidation thickness Toxb It is drawing showing the receiving threshold voltage 
(multiplier). 

[Drawing 7] It is a circuit diagram explaining the semiconductor device in this operation gestalt, and is the 
circuit diagram in which (a) shows the 1 and (b) shows the 2. 

[Dra w ing 8] It is drawing (reverse bias) showing the threshold voltage Vth to the electrical potential difference 
Vgb for control which made channel high impurity concentration the parameter. 

[Drawing 9] The 1st gate oxidation thickness Toxb It is drawing showing the receiving threshold voltage 
variation (multiplier). 

[Drawing 10] It is a type section Fig. (the 1) explaining the conventional example. 
[Drawing 11] It is a type section Fig. (the 2) explaining the conventional example. 
[Description of Notations] 

10 [ — The 1st gate oxide, 21 / — The 1st gate electrode, 30 / — The 2nd gate oxide, 31 / — The 2nd gate 
electrode, 100 / — MOSFET, 200 / — Capacitor ] — A substrate, 11 — An embedding oxide film, 12 — Si. 
20 
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[0 0 6 5] ^+/<vi> 2 o oro&gsntSfaStev? 

hX5-»tti Lt!&1^3 0 f Cffcl. ifi 
^©^'JOT^ilSMlblc.ttftlv i \fv Hti=oft*< 
£>-fe;ugfc;b<ii»aL. IX^fcBLB^lct'-v h$|B$IEij)-r-i> 
© l=£Sft *ff 1 t±E * Httft ft <b ft r> T I * £> . 

[0 0 6 6] 9— KI§B©m&£m35miE© 1 v 

t?t>t. ft*ro-fe;u*ai=fcMt4>'-KflH4Vnode 
14. Vnode=H i g h L"<;u©m& (f|3imi±© 1 V) 
-MOS F ETCDHfiSmiE (0. 7 V) -SI„f©l£fl:JI 

(0. 0 7V) cfcyo. 2 3Vifty. *■*/<->$© + 

[O 0 6 7] 3=fc. Ktt?— * hft^lc«feo 



•7-Kn©mfti4. mums (iv) +H«ms (o. 

7V) +Hfg©g<bS (0. 2V) 3 1= 

1. 9VtmMtE©«2ii:<l-3TL*5. 
[0 0 6 8] c©fc#>. ftJ±H©fI*Iti£5i&-f &±t- 

y-hK.ttt.H-#l=»< Lftl**xtffc&r. C©«fc5 
ft y — h M<b«» "C litt© p 5? -y ^ » fc ®»^tt*« fc sh. 
ft<ftoTL*5o 

[0069] MOSFETrov-Xfg^7i 
;u££S£§LTl3fiimE^b£ffl>^-f -5>il#l-l4. /— 
KfKiVnodei: Lt. Vnode=H i g h U^<;U©m& 

(masmBEOTiv) —mo sfe TomnmEE co. 7 

V) «fcyo. 3Vi:fti>o LfrLfttft.. C©;fIgT-l4 
Sfc i mm * -V /< v 9 ©+#ft tHi^l $ if & C fc A<T- 
#ft^. 

[0 0 7 0] C©MO S F E T©V— Xll*!^ 

%^.b^i.A<. C©i§£-e=6. 7— hlltti: LTmS 
mE (1V) +B31tmS (0. 7V) A*b1. 7Vtft 
4. coH^ttiUtE 1 vi:SLTll^- KM 

C . *0)QiJ?«»4 ©S^tt A<JK*Lft ix C t left 

[007 1] £fc. MOS F ET©BfiS£^tf>{g<SfcS 
LTfc#. ^liffBtlCV-xmfi (£fcl4. 

ffMtt±o>ra«±i:«. fct-, iisftffitLT. m 
vfr*tHBfliK<t«iio. 2v<tfty. §3 

t**0. 5 VI-tS^-TftlS^Bfl-O. 7V©Btt*<» 

[0072] o*y. ^©a*anfi=j3it*y — h*m(4 

Vnodel4. manmii (IV) -Ml (0. 5V) -fflffi 
©£<bfi (0. IV) *yo. 4Vi:ft4. L*U c 
oa*T?l45fe t S«* + /<*>$ ©+»ft«««««S» 
i.C«t:A<T^fttXo 

[0 0 7 3] CftlcftU *S$£ff2@T*l4. ftlcSMHL 
^J:?!". MOSFET1 OOroMxlSSIflt'felil 
2 7- 0 2 $Hltl0ffl i L tilt 4 ^ 1 1: 

FNrot(4$lftt+vM"v$ 2 0 orofSlfi^l 

[0 0 7 4] tH7 (b) ©H]K[1 (-?-©2) \zm 

■tmm^mx'it. ny-nsioiti2^-hf 
si 0 2i$ii%LtffiiLti^ o -fft+5*.. mi y 

Hai0 2tfl)fi»«:i*Ltl»4. C©ii^r. » i 
¥- hmffil 0 1 lCcfci>SfitmBEVthb ©^&*A Vth 
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[0075] zottw-wzmaizTH-r. c©e*«fcy. 

Tox=5nm, Toxb = 5 O n m v Tsi= 2 5 n mCD*! 

AVthb =-4 • AVg 
[O 0 7 6] =>£y. Vthb £0. 7VI-SSU *1 

y— nsti2y- hmst^g^-r^ctr-vthb 

tfO. 56VWoT0. HViftli. 
[0 0 7 7] C^Xl-J:oT. y — KN(D«{iVnodel±. 

m^SE (iv) -mtmE (o. 14V) <ty, o. 

8 6 V ttZ&o 

[0 0 7 8] -f&fr*.. 9-Ka[*ttl4*»*Ei:*U 

y— K^'(bMli: : ttecDav;->'?i:}i^.-&ci:A<T*#-5«fe 
31=4*. Wft-tOMNtEfc LTI40. 7VT- 

fe^-t^b. t?Xl/r>a*- KfiS-CO'J— ? 

g^il^O. 1 4 V^-C?Tlf -5Ci:A<-C-#. / — 
h*mft£0. 8 6VSt'ilftT+V/^ 2 0 0(Dig 

£+»i-it^-r « c t =t T- # & . 

[O 0 7 9] fcfc\ ±IB«-CI*±fcUT*iy— h«« 
1 0 1 tf 2>f- HSl 0 2iSSSILt^fflt4* 

[0 0 8 0] SjHttEt LT 1 V. S5»ft£HfiS 

£0. 1 4 V<t L-Tftff£<TofcA<. 0 9CDftS0<lfrt> 
5 l=c*uMMrctt«c < . BI=B«*Tlf T 
2 0 orosamwi^itiraS-tt-S-irtpTHg 

T*£>&. 

[008 1] ±IBSI*6»«-C?I4. *2y-hM 

1 O 2$BtW»lfflt LT«fflt4«**Lfci!i'. Kft 
i:*iy-htai 0 1 SBttWWfiiiL-CttflrriJ: 

[0 0 8 2] 

^-v*;ni***t?tt»-cj(ti y— 
h*at»2y— h«ai*si+. ca>?*>a>-;S£« 

«ty. y**;u*ttttasi=«fc4Btt«Ei:as:LTy 

— hBa«»ffl<D«E*K5S-r4CtA<Rltefc*4. * 
fcs y— hBBtfMBEI=#LT**&BBBE£1b* 



[0 0 8 3] 3=f=. ^M-feJMDS^&W-fcl^C* M 
OS h7>5?X^©Bfll*a*Tlf*Cfc-C«Ea5fe* 

■7- KBtttt£tt3f BE* y fc* 
t>BE^W«H14A < S<. *fcy-hB<bttJ»*«fe©P 

[BBttBttttBB] 

[01] BBtti^&«¥«ttttB0!>ftJft£B9!-r«« 

[§2] #B{*sBa>a£xa$ftHr&B£BiBH 

(-5-0) 1 ) T-fc-S. 

[i3] *m&%iW<DmikJLm : £mw? ; &m*mM® 
c^-cd2) -efc-s. 

[04] «»ffl*BEVgbl=»-r4Btt«EVth**-rB 

[si 5] ^fflttEvgbics-rsBaaEvth^^-ria 
[@6] mi y— HB<bB»Toxb i=*tr4B«*E 

[0 7] *HJ£©SSlcfclt-5¥*^e^Si^-r-5)SlK 

mv. (a) i*-t(7>i, (b) ii*cD2 £iF-f 0S&0T- 

o 

[gi8] y-v*iUTtt»a«*/<7>-^ t Ltzuwm 
mEvgbic^-r^gafflSEvth^^-rs (awia^-fr 

X) -^fe-So 

[0 9] «l y— hB<b«»Toxb lz»r*BttBEft 

<ba («B) fstifjj^. 
[0i o] tt$0i$fii9rr«aAKBB (-t©D v& 
«. 

[0ii] &*ffl£iftB-r*aaRBB (fo2) T-fc 

-So 

[^COlftBJ] 

10-**. 1 1 -B«>&*B1tB. 12-Si. 2 0 

-*i y-K»<b«, 2i-*iy-na. 3o-» 
2y— h^-ibffi. 3 1 -£2y— h®a. ioo--mo 

SFET, 2 0 0-4t/^v$ 
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m 1 ] 



[g!2] 




[EI3] 




[H5] 





20 40 60 80 100 
Toxb(nm) 



-1 .0 -Z.0 
Vgb{V) 



O.l 5E£H£SSOI MOS 

^- h a : n-?ofySL M : p-PolySi 
0 0 Tox : Snm, Tsi : 25nm, Ma : 5^1 6cm" 3 



Tox : 5nm, Ta : 25nm, o : 1 .3 

Eq.VthO^ft 

VthbOfcft 
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CH7] 



K__. t .-~100 MOSFET 

Di-T=r: S ,N J- K 
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(a) 



[i9] 
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K . . . . 

0 20 40 BO 80 100 
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4 FW> 

7 OXAfctI 



2 OiJW 
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-..100 










101 \'± 
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=1-200 



£CB 5^zSSO I MOS 



12 Si' 



-\ 3 Floating Body 



11 Stf>2^fi<tfll ^10fi« 

(b) 




7 r>juuas 



Floating Body 



12 Si 



11 gtf>a*ft<t« 10»ffi 

(b) 



